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9.0 INTRODUCTION 
 
Generally, are many methods for imaging measurement techniques, traditional 
and modern method and still have pros and cons between these two ways. Basically, 
the traditional techniques method is reported does not fully meet the specification of 
modern industry nowadays. Traditional method mainly includes electromagnetic 
detection, eddy current testing and etc. Differ with the modern method which is 
using the ultrasonic for imaging techniques and involving the laser ultrasonic, 
ultrasonic velocity, real time ultrasonic and off axis propagation of ultrasonic which 
be define the modern method is widely used industry to improve from the traditional 
method. 
Rumoured has been widely separate that modern techniques of imaging 
measurement are gaining popularity from every industry such as in medical 
instrument, construction instrument, synthetic aperture and holographic imaging 
measurement. Modern industry has proposed various method in using the ultrasonic 
in order to improve the quality of work in industry. 
Several advantages have been discovered while using the ultrasonic industry such as 
in mediation which is ultrasonic is used to improve the imaging in human soft tissue, 
meanwhile in construction ultrasonic giving an advantage in defect detection in 
specific information such as the location on defection and the size of defection. 
Besides that, in real time ultrasonic imaging is giving an advantage in focusing for 
multi-layered objects with synthetic aperture and lastly ultrasonic also give an 
advantage in guided wave in thin orthotropic layers which is its been use for 
dynamic holographic imaging measurement. 
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9.1 THEORY 
 
As discuss in the paper, the working principle ultrasonic sensor in imaging 
measurement 1technique in mediation is using the echo pulse waveform form the 
ultrasonic transducer in order to obtain the high resolution ultrasonic image. The 
ultrasonic pulse was emitted from a linear array of ultrasonic sensor and the 
ultrasonic properties have an ability to reflect the echo from the boundaries between 
region that having different acoustic in the medium.  
While for laser ultrasonic is use by scanning by using the pulse of Nd:YAG and the 
ultrasonic wave was received by the interferometer. The laser ultrasonic is use the 
wave propagation in construction technique to find the defect information and also 
the image.  
Basically, the ultrasonic transducer is using the pulse and also the wave 
propagation as the working principle that be generate from the linear array of 
ultrasonic to reach an object before its being reflected by the boundaries and 
produce the information of an image. 
 
 
9.2 LITERATURE REVIEW 
 
Ultrasonic in mediation is being used to produce the ultrasonic B-mode imaging 
to visualize the plaques [1]. The ultrasonic is being thought could help characterize 
the biological human tissue. This method is proposed to detect the unstable plaque 
because it is lipid-rich. The investigation is conducted to develop the drug 
distribution monitor. During the investigation of the functional medical imaging 
method, it’s found that ultrasonic velocity-change imaging method is expected to be 
capable of observing lipid-rich plaque in blood vessels non-invasively from the body 
surface. This investigation has an aim which is demonstrate the effectiveness of the 
ultrasonic velocity-change imaging method for identifying unstable blood vessel 
plaques in a state close to the actual carotid artery. Blood vessel phantoms were 
made of the material having the similar ultrasonic property to human soft tissue. 
Water was poured in the blood vessel phantom instead of blood and ultrasonic 
velocity-change images of the blood vessel phantom were constructed.  
Another paper has discussed the technique of completely non-contact laser 
ultrasonic imaging to detect austenitic stainless steel with an artificial defect. 
Traditional detection of the surface acoustic wave excited by laser are pulse-echo 
and pitch-catch by analyzing the changes of the reflected wave and diffracted wave 
to achieve the purpose of the surface cracks but the Laser ultrasonic wave 
propagation imaging technology, as the future direction of development of non-
destructive testing, provides an effective detection method for non-professional 
people [2]. The aim of this paper is to developed a complete noncontact laser 
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scanning system for ultrasonic excitation and sensing. Several experiment has been 
conducted to achieve the main aim of this paper.  
Besides that, real time ultrasonic imaging was discussed in other paper which is an 
ultrasonic motion trajectory method is introduced for ultrasonic imaging of multi-
layered objects, based on re-interpreting the traditional SA FT in a forward pattern. 
Experiments has been conducted to show that the presented motion trajectory 
method is the most efficient approach for ultrasonic imaging of multi-layered 
objects. ultrasonic imaging procedure of multi-layer objects by two orders of 
magnitude with better effects than the traditional method [3].  
The elastic properties of many materials in sheet or plate form can be 
approximated with orthotropic symmetry [4]. Many sheet material manufacturing 
industries manufacturers desire knowledge of certain anisotropic elastic properties in 
the sheet for handling and quality issues. Therefore, ultrasonic wave propagation in 
plate materials forms a method to determine the anisotropic elastic properties in a 
nondestructive manner. work explores exact and approximate analysis methods of 
ultrasonic guided wave propagation in thin layers, explicitly dealing with orthotropic 
symmetry and propagation off-axis with respect to the manufacturing direction. 
Recent study in advances in full-field ultrasonic imaging methods, based on 
dynamic holography, allow simultaneous measurement of the plate wave motion in 
all planar directions within a single image. Results from this laser ultrasonic imaging 
approach are presented that record the lowest anti-symmetric mode wave front in a 
single image without scanning. 
 
 
9.3 RESULT AND DISCUSSION 
 
PAPER 1: “Non-invasive characterization method of carotid plaque composition 
using ultrasonic velocity-change imaging. 
 
Figure 9.1 : Phantom structure of blood vessel including model unstable plaque. 
The phantom of agar based material have the similar properties as human soft 
structure 
 
The circular cavity was filled with water. Figure 9.1 show setup of 
experiment 1 using ultrasonic images of phantom. The phantom has been warmed 
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up for 120 degrees Celsius. The ultrasonic wave for warming is turned off, echo 
pulse wave forms were detected by the linear ultrasonic array for 9s. The ultrasonic 
velocity change corresponding to each scan line was determine from echo pulse 
waveform. Figure 9.2 a, c shown the front and side view of the phantom in the B-
mode images. The phantom has been observed but the lipid rich area is unidentified. 
While figure 9.2 b, d shows ultrasonic velocity-changes image. Ultrasonic velocity-
change image was clearly show the model lipid-rich area the phantom under the 
model blood flow. So the ultrasonic velocity-change image is the best method to be 
applied in characterization of carotid artery plaque composition. 
 
 
Figure 9.13 : Ultrasonic images of blood vessel phantom including fat area 
mimicking lipid plaque. 
 
PAPER 2 : “ Application of non-contact laser ultrasonic imaging technique in 
surface defect detection” 
 
Figure 9.3, 9.4, 9.5 shows the diagram of ultrasonic vibration at different 
times with different value of the distance from the defect dominant waves incident 
without interacting with the crack. We can see the maximum amplitude is 0.1V. 
According to the analysis, the location of the flaw can be detecting clearly by using 
the conventional ultrasonic wave propagation imaging method. The figure also 
shown the austenitic visualized result of the presented method in the austenitic 
stainless steel with a hole defect. Ultrasonic waves propagation image is appeared at 
the position of the damages and the discontinuous size of the image is consistent 
with the actual size of the defect 
 
 
Figure 9.14  3mm the diagram of ultrasonic vibration at different times 
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Figure 9.15: 12mm the diagram of ultrasonic vibration at different times 
 
 
Figure 9.5 : 7.5 mm the diagram of ultrasonic vibration at different times 
 
 
Figure 9.6: Ultrasonic wave propagation images at different propagation times 
 
PAPER 3: “Real-time ultrasonic imaging for ulti-layered objects with synthetic 
aperture focusing technique” 
 
DAB-SAFT only can perform an imager in single-medium objects, trajectory 
method is proposed for imaging multi-layered objects. Latter not only can handle the 
regularly object but also for irregularly objects whose interface are nonplanar and 
nonhorizontal.  Idea of scan converting circular arcs in DAB-SAFT and used Snell’s 
is used to avoid iteratively computing the retraction points in ray tracing. The 
motion trajectory generates much better effects of the image details for the tested 
objects than those of the traditional method. 
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Figure 9.7: Comparison of the reconstruction algorithms (a) tested block 
longitudinal profile. (b) image reconstructed by SAFT, (c) DAB-SAFT, (d) SAFT 
with ray-tracing, (e) motion trajectory method. 
 
PAPER 4: “Off-axis propagation of ultrasonic guided waves in thin orthotropic 
layers: Theoretical Analysis and Dynamic Holographic Imaging Measurement” 
New approach of imaging ultrasonic utilizes nonlinear optical 
photorefractive methods to perform interferometer detection over an extended area 
within a single image frame. This approach is based on optical dynamic holographic 
methods that record the phase distribution over large area of the paper. Conventional 
methods have demonstrated the ability of this approach to image the flexural waves 
in paper. This approach has been used to obtaining measurement at all planar 
directions with a single image. The result shows the very good images measurement 
for both types of paper without need to adjust the parameter. The utility imaging 
measurement has ability to provide data on elastic symmetry misalignment in a 
paper sheet with respect to its cut edges 
 
Figure 9.8: Image of the mode wave front recorded at 100kHz in a 110µm and 
288µm thick sheet of RSK58 paper 
 
. 
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9.4 CONCLUSION 
 
Various technique can be used for ultrasonic imaging measurement and its widely 
known over the world. Ultrasonic imaging measurement also gaining its popularity 
among industry such as in mediation, construction, holographic and focusing 
technique. Ultrasonic sensor imaging technique also has many advantage in order to 
improve the production with the rapid development modern industry. 
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